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BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a method of and an apparatus for obtaining high-purity products by crystallization 
from liquid mixtures containing crystal liz able components, and further relates to the foregoing method and apparatus 
which are particularly suitable for large-scale purification processes. More specifically, the present invention is suitable 
to for large-scale and multi-stage purification of acrylic acid and methacrylic acid. 

Description of the Prior Art 

It is known, for example, that commercially produced acrylic acid usually contains such impurity components as 

is acetic acid and propionic acid and the concentrations of these impurities are about 0.1% in total. Recently, usage of 
acrylic acid has been expanded, and in some cases, very high-purity acrylic acids are required. For example, the impu- 
rity concentrations in the order of some tens to hundreds of ppm are required for paper diapers. 

In general, impurities are removed by distillation. However, it is very difficult to remove such impurities as acetic 
acid and propionic acid by distillation since these impurity components have boiling points close to that of acrylic acid. 

20 Under such circumstances, it has been proposed to remove these impurities by crystallization. 

Two typical crystallization methods are available; one being that seed crystals are put into a liquid mixture contain- 
ing a crystallizable component so as to nucleate and grow crystals in a suspended state in the liquid, and the other 
being crystals are formed and grown on cooled surfaces. 

A mixing vessel type crystallizer is used for the former method. In this type of crystallizer, however, heat exchange 

25 area tends to be insufficient to produce a large quantity of crystals from liquid mixtures. Further, in case of adhesive 
crystals, such as, acrylic acid, cooling coils can not be used although it is necessary to scrape the crystals off the cooled 
surfaces. Therefore, the heat exchange area is definitely insufficient. Moreover, since solid-liquid separation is unavoid- 
able, the structure and operations of this type of crystallizer are complicated to perform multi-stage crystallization. 
The latter method is described in, such documents as, "Handbook of Industrial Crystallization, Butterworth-Heine- 

30 mann, 1993" edited by A. S. Myerson and "Introduction to Easy Practical Crystallization Process (KEMIKARU ENJIN- 
IARINGU), pages 76-83" September, 1 992 by Masakuni MATSUOKA. According to these documents, the latter method 
is advantageous in view of easy handling and of high crystallization rate. On the other hand, a disadvantage is that the 
purity of the crystals is low since the impurities are trapped within the crystal layers in the course of crystallization. 
These documents further indicate that the so-called sweating or partial melting of crystals is effective for removing the 

35 trapped impurities to improve the purity of the crystals. 

US-E-32,241 which is the reissue of US-A-3,621 ,664 discloses a multi-stage fractional crystallization technique for 
performing the latter method. In this crystallization technique, the crystals are grown on inner tube surfaces. However, 
this crystallization technique has a drawback that crystallization area, that is, heat exchange area decreases as crys- 
tallization proceeds since inner diameters of the crystal layers are reduced as the crystallization proceeds. Melting of 

40 crystals starts from the crystals contacting the tube inner surfaces. As a result, outer diameters of the crystal layers 
reduce and thus crystals are isolated from the tube inner surfaces so that the disclosed crystallization technique has a 
further drawback that the crystals tend to fall off the tube inner surfaces during the melting step. In this case, for exam- 
ple, metal screens or grids are provided at the bottoms of the tubes to prevent the crystals from falling off due to the 
clearance caused between the tube inner surfaces and the crystals. However, heat transfer rates are significantly low- 

45 ered and extremely long time is required to melt the crystals. Although the recovered melt is heated and supplied into 
the tubes, the liquid flows through the space between the tube inner surface and the crystals and does not work to 
reduce melting time. These drawbacks are present even when the crystal layers are formed on the tube outer surfaces. 
Still further, in case of using a number of tubes in parallel, it is not easy to supply uniformly the liquid mixtures and the 
heat transfer mediums to those tubes and to form uniform films. Furthermore, it is costly to assemble a large number of 

so tubes in parallel. 

On the other hand, another type of crystallizer is known, which is similar to usual plate heat exchanger. In this type 
of crystallizer, however, fluid flowing passages are narrow and very complicated. In addition, both of the liquid mixture 
and the heat transfer mediums should flow filling up the fluid passages and should flow upward. Accordingly, consider- 
ably sufficient strength is required for the plates and the structures of the crystallizer. Further, crystallization rates are 
55 not high enough and purification is not so effective. Moreover, scale-up of the crystallizer is not easy from a practical 
point of view. 
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Rl 1MMARY OF THE INVENTION 

Therefore, it is an object of the present invention to provide an improved crystallization method. 

It is another object of the present invention to provide an improved crystallization apparatus. 
5 According to one aspect of the present invention, a method of separating a crystallizable component contained in 

a liquid mixture with the features as def ined in claim 1 is provided. 

According to another aspect of the present invention, an apparatus for separating a crystallizable component con- 
tained in a liquid mixture with the features as defined in claim 13 is provided. 

10 RRIFF nFSCRIPTION OF THE DRAWINQS 

The present invention will be understood more fully from the detailed description given hereinbelow and from the 
accompanying drawings of the preferred embodiments of the invention, which are given by way of example only, and 
are not intended to limit the present invention. 
is In the drawings: 

Fig. 1 is a diagram for explaining a crystallization method according to a first preferred embodiment of the present 
invention, wherein one crystallization step is proceeding; 

Fig. 2 is a diagram for explaining the crystallization method according to the f irst preferred embodiment, wherein 
20 one melting step is proceeding; 

Figs. 3A and 3B are diagrams, respectively, for showing a manner of supplying the liquid mixture uniformly over a 
lateral width of the plate, wherein Fig. 3A is a schematic side view and Fig. 3B is a schematic front view; 
Fig. 4 is a diagram for showing another manner of supplying the liquid mixture uniformly over the lateral width of the 
plate* 

Figs. 5A and 5B are diagrams, respectively, for showing another manner of supplying the liquid mixture uniformly 
over the lateral width of the plate, wherein Fig. 5A is a schematic side view and Fig. 5B is a schematic front view; 
Fig. 6 is a diagram for showing another manner of supplying the liquid mixture uniformly over the lateral width of the 
plate; 

Figs. 7A and 7B are diagrams, respectively, for explaining a structure of a crystallization apparatus according to a 
second preferred embodiment of the present invention, wherein Fig. 7A is a schematic side view and Fig. 7B is a 
schematic front view; 

Figs 8A and 8B are diagrams, respectively, for explaining a structure of a crystallization apparatus according to a 
third preferred embodiment of the present invention, wherein Fig. 8A is a schematic side view and Fig. 8B is a sche- 
matic front view; , r 

Fig. 9 is a diagram for explaining a structure of a crystallization apparatus according to a fourth preferred embodi- 
ment of the present invention; 

Fig 10 is a perspective view showing a main portion of a crystallization apparatus according to a fifth preferred 
embodiment of the present invention, wherein a pair of crystallizer plates are illustrated as being jointed to each 
other; 

40 Fig. 1 1 is a perspective view showing the crystallizer plates shown in Fig. 10 in a disassembled state; 

Fig. 12 is a sectional view for explaining arrangements of the main components in the crystallization apparatus 
according to the fifth preferred embodiment; 

Fig 13 is a perspective view corresponding to Fig. 10, wherein one of the crystallization plates is removed; 
Fig. 14 is a partly-sectioned diagram for explaining a crystallization apparatus according to a sixth preferred 
45 embodiment of the present invention; 

Fig. 15 is a perspective view showing a main portion of the crystallization apparatus according to the sixth preferred 

embodiment; 

Fig. 16 is a partly-broken diagram showing a schematic front elevation of a crystallization apparatus according to a 
seventh preferred embodiment of the present invention; 
so Fig. 1 7 is a cross-sectional view through vertical axis showing a schematic side view of the crystallization apparatus 
according to the seventh preferred embodiment; and 

Fig. 18 is a diagram showing a schematic structure of a multi-stage crystallization apparatus according to an eighth 
preferred embodiment of the present invention. 

55 DESCRIPTION OF THE PREFERRED EMBODIMENT 

Now, preferred embodiments of the present invention will be described hereinbelow with reference to the accom- 
panying drawings. 
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A crystallization method will be first described hereinbelow according to a first preferred embodiment of the present 
invention. 

As shown in Fig. 1 , in the crystallization method of the f irst preferred embodiment, a plate 1 1 is used as a base ele- 
ment on which crystallization advances. Specifically, the plate 1 1 is of a flat shape and vertically arranged so as to have 
5 one vertical surface 12 and an opposite vertical surface 13. A liquid mixture 14 containing a crystallizable component 
is circulated to flow down on the one vertical surface 12 as a film. On the other hand, a cooling medium 15 of a temper- 
\ ature lower than a freezing point of the liquid mixture is introduced to flow down on the opposite vertical surface 13 as 
a film for cooling the liquid mixture 14 so as to form and separate the crystals of the crystallizable component on the 
one vertical surface 12. The cooling medium 15 may be circulated and used repeatedly. By continuing the foregoing 
w steps, a layer 16 of the crystals gradually grows on the one vertical surface 12 of the plate 1 1 as shown in Fig. 2. 

When a thickness of the crystal layer 16 reaches a predetermined value, a mother liquor, that is, the residual liquid 
mixture 14. is drained off. Thereafter, as shown in Fig. 2, a heating medium 17 of a temperature higher than the freezing 
point of the formed crystal layer 16 is introduced to flow down on the opposite vertical surface 13 of the plate 1 1 as a 
film so as to melt the crystals. The melt flows down on the one vertical surface 12 and is collected or recovered. It is to 
is be appreciated that, when the thickness of the crystal layer 16 is too thin, the impurities tend to be trapped within the 
crystal layers lowering the purity of the recovered melt. On the other hand, when the thickness becomes too thick, the 
conductive heat flux through the crystal layer is reduced to prolong the time for crystallization. Accordingly, the thick- 
nesses of the crystal layers are preferably 5mm to 20mm, and more preferably, 7mm to 15mm. The heating medium 17 
may be circulated and used repeatedly. By continuing the foregoing step, the crystal layer 16 attached to the one verti- 
go cal surface 12 is totally melted, and the collected melt has a lower impurity concentration as compared with that of the 
feed liquid mixture. 

On the other hand, when a further lowered impurity concentration is required, the melt obtained through the fore- 
going single-stage operation may be used again as the feed liquid mixture so as to repeat the foregoing processes. By 
performing the process in a multi-stage manner, the melt with high purity, for example, impurity concentrations of some 
25 tens of ppm can be finally obtained. When performing the multi-stage process, it is preferable not to reuse the mother 
liquor obtained at an Nth stage by adding it to the liquid mixture for the Nth stage, but to reuse the mother liquor from 
the Nth stage by adding it to the liquid mixture for an (N-1)th stage which is one stage prior to the Nth stage. Further, it 
is preferable to use the melt obtained at the (N-1)th stage as the liquid mixture for the next Nth stage. It is further pref- 
erable that the liquid mixture 14 for an (N+1)th stage, which has a higher purity, be heated and introduced to flow down 
on the one vertical surface 12, that is, over the crystal layer 16, simultaneously circulating the heating medium 1 7 of the 
specified temperature to flow down on the opposite vertical surface 1 3 as a film, so as to accelerate melting of the crys- 
tals at the Nth stage, and that the melt collected at the Nth stage is cooled to obtain the new crystal layer 16 and the 
mother liquor at the (N+1)th stage, the mother liquor reused by adding it to the liquid mixture 14 for the Nth stage. It is 
to be noted that, when the crystals are separated from the liquid mixture at the Nth stage, the impurity concentrations 
are higher in the mother liquor than in the feed liquid mixture. Accordingly, when this mother liquor is used repeatedly 
as the feed liquid mixture at the Nth stage, the impurity concentrations of the liquid mixture gradually increase and the 
impurity concentrations in the separated crystal layers also gradually increase. 

In the foregoing crystallization method, although various manners may be taken for circulating the liquid mixture 14 
to flow down on the one vertical surface 12 of the plate 1 1 as a film, it is preferable to circulate the liquid mixture uni- 
40 formly, i.e. at substantially uniform rates, over a full lateral width of the plate 1 1 . In order to realize the uniform liquid sup- 
ply, as shown in Figs. 3A and 3B, the plate 1 1 is formed at the upper portion with a plurality of notches 22 through which 
the liquid mixture 14 is introduced from a liquid distributor 21 to flow down on the one vertical surface 1 1 as a uniform 
film. Alternatively, as shown in Fig. 4, a slit 23 is formed at the lower portion of the liquid distributor 21 along the lateral 
width of the plate 1 1 to feed the liquid mixture 14 therethrough as a uniform film. Alternatively, as shown in Figs. 5A and 
45 5B, the upper portion of the plate 11 is bent to provide an inclined surface 24 and a vertical surface 24a extending 
upward from the upper end of the inclined surface 24, and the liquid mixture 14 is introduced down onto the inclined 
surface 24 from the liquid distributor 21 so as to flow down on the one vertical surface 12 as a uniform film. The liquid 
distributor 21 is formed at its side walls or bottom with a plurality of openings along the width of the plate 1 1 to feed the 
liquid mixture uniformly onto the inclined surface 24. In this case, although the liquid mixture may be directly supplied 
so onto the inclined surface 24 as shown in Figs. 5A and 5B, it may also be arranged that the liquid mixture is first fed onto 
the vertical surface 24a to flow down on the one vertical surface 1 1 via the inclined surface 24. Preferably, an angle e 
of the inclined surface 24 relative to the horizontal plane Hp is from 20 degrees to 80 degrees, and more preferably, from 
30 degrees to 60 degrees. When the plate 1 1 is inclined in the width direction with the angle 0 being too small, the flow 
of the liquid mixture on the inclined surface 24 tends to deflect and departs from film flow. To the contrary, when the 
55 angle e is too large, the rectifying effect, that is, the effect of diverging or dispersing the liquid mixture flow laterally so 
as to uniform the liquid flow thicknesses thereof in the width direction, is inevitably diminished. Experiments have shown 
degree of that uniformity of the thicknesses of the crystal layers 16 was remarkable when the angle 6 was smaller than 
20 degrees or greater than 80 degrees. As shown in Fig. 6, a redistributor 25 made of metal screens or porous materials 
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may be placed just under the portion where the liquid mixture 14 is introduced onto the plate 1 1 from the liquid distrib- 
utor 21. As appreciated, the redistributor 25 may also be provided in the structures shown in Figs. 3A, 3B or Fig. 4 in a 
similar manner. 

Among the liquid distribution arrangements shown in Figs. 3A, 3B, 4, 5A and 5B, one shown in Figs. 5A, 5B may 
5 be the most desirable in view of reliability of the operation, manufacturing facility, suitability for mass-processing of the 
liquid mixture and the like. 

No particular limitation is required for thickness and shape of the plate 1 1 as long as it can bear the load applied 
from the crystals attached thereto and the liquid film flowing down thereon. In view of heat conduction, smaller thick- 
nesses of the plate 1 1 are desirable. However, in view of economical purchasing, thicknesses of 0.5mm to 2.0mm are 

10 desirable, and thicknesses of 0.6mm to 1 .2mm are more desirable. Further, the plate 1 1 is not limited to flat shape, but 
may have waved or corrugated shapes or the like. However, the waved or corrugated plate is difficult to produce, and 
nevertheless is liable to cause the flow maldistribution for the liquid mixture to deflect in lateral directions of the plate, 
that is. to cause non-uniform thickness of the liquid film and the crystal layers. On the other hand, the flat plates can be 
easily manufactured, and work to produce uniform liquid flows over the entire width of the plate compared with the 

75 waved or corrugated plates. Accordingly, it is preferable to use the flat plates for crystallization thereon. 

Materials of the plate 1 1 are not particularly limited, either. Specifically, the plate 1 1 may be formed of metal or glass 
plates or the like. Among them, however, metal plates, particularly, iron or stainless steel plates are preferable for form- 
ing plates in view of their high heat transfer performances, possible thin thicknesses, and low prices. Size of the plate 
1 1 is not particularly limited, meaning that the plate size may be determined in consideration of the workability and the 

20 production capacity of the crystallizer. Further, the cooling medium 15 and the heating medium 17 may be separately 
provided, or the same medium may be used as the cooling or heating medium, that is, one medium may be used as the 
cooling medium 15 when cooled and as the heating medium 17 when heated. 

Further, in order to produce uniform thicknesses of the films of the liquid mixture, supplying flow rates of the liquid 
mixture are, although it depends on the physical properties of the liquid mixture, particularly, surface tension thereof, 

25 preferably no smaller than O.lton/h (0.1 tons per hour) per 1 meter width of the plate, and more preferably no smaller 
than 0.25ton/h per 1 meter width of the plate. The upper limit of the supplying flow rates are not necessarily defined as 
long as the liquid mixture flows as a film. The temperatures of the liquid mixture are preferably within +5°C and more 
preferably within +1°C above the freezing point of the liquid mixture. Further, the temperatures of the cooling medium 
are not particularly limited as long as they are lower than the freezing point of the liquid mixture. On the other hand, at 

30 the initial stage of the crystallization where crystallization begins, rapid crystallization lowers the purity of the crystals, 
therefore temperatures of the cooling medium are preferably in the range between the freezing point of the liquid mix- 
ture minus 20°C and the freezing point of the liquid mixture: 

Further, in the foregoing crystallization method, it is preferable to perform sweating process if necessary. The 
sweating process is carried out by partially melting the crystal layers to remove high -impurity-concentration liquids 

35 trapped between the crystal layers or adhered to the crystal surfaces, so as to further decrease impurity concentrations 
of the crystal layers. 

Specifically, before introducing the heating medium 1 7 of the temperature higher than the freezing point of the crys- 
tals onto the opposite vertical surface 13 of the plate 1 1 as shown in Fig. 2. the heating medium where temperature is 
within ±5°C of the melting point of the crystals, is introduced to the vertical surface 13 as a film so as to partially melt 

40 the crystal layers. . 

Further, when melting the crystals by introducing the heating medium 17 with the temperature higher than the 
freezing point of the crystals along the opposite vertical surface 13 as shown in Fig. 2, it may be effective that the melt 
is heated and circulated to flow down over the crystal layer 16 to accelerate melting of the crystals. 

Now, a second preferred embodiment of the present invention will be described hereinbelow with reference to Figs. 

45 7A and 7B. The second preferred embodiment relates to a crystallizer or a crystallization apparatus. 

The crystallization apparatus shown in Figs. 7A and 7B includes a plate 31 of a flat shape which is vertically 
arranged so as to have one vertical surface 32 and an opposite vertical surface 33. The apparatus further includes a 
liquid feeding system 38 for supplying a liquid mixture 34 in a circulating manner. The liquid mixture 34 contains crys- 
tallizable components and flows down on the one vertical surface 32 as a film. A cooling medium feeding system 39 is 

so further provided to supply a cooling medium 35 in a circulating manner. The cooling medium 35 has a temperature 
lower than a freezing point of the liquid mixture 34 and flows down on the opposite vertical surface 33 as a film. A heat- 
ing medium feeding system 40 is further provided to supply a heating medium 37 in a circulating manner. The heating 
medium 37 has a temperature higher than the freezing point of the crystals and flows down on the opposite vertical sur- 
face 33 as a f ilm. 

55 In the crystallization apparatus as structured above, the crystallizable component in the liquid mixture 34 is crystal- 
lized to form crystal layers on the one vertical surface 32 by feeding the liquid mixture 34 from the liquid mixture feeding 
system 38 to flow down on the one vertical surface 32 as a film and simultaneously by feeding the cooling medium 35 
from the cooling medium feeding system 39 as a film. Subsequently, the crystals formed on the one vertical surface 32 
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are melted and collected by feeding theTeating medium 37 from the heating medium feedinTsystem 40 to f low down 
on the opposite vertical surface 33 as a film. Accordingly, the impurity concentrations of the collected melt could be low- 
In the foregoing crystallization apparatus, it is preferable that one feeding system can be used as the cooling 
medium feeding system 39 and the heating medium feeding system 40. 

Now a crystallization apparatus according to a third preferred embodiment of the present invention will be 
described hereinbelow with reference to Figs. 8A and SB. The third preferred embodiment is the same as the foregoing 
second preferred embodiment except that the upper portion of the flat plate 31 is bent to prov.de the inclined surface 
24 The liquid mixture 34 is poured onto the inclined surface 24 through the liquid mixture feeding system 38 so that the 
liquid flows down on the one vertical surface 32. Since the liquid mixture is fed onto the inclined surface 24, the liquid 
mixture flows down on the one vertical surface 32 at substantially uniform velocities over the full w.dth of the plate 31 to 
form uniform thickness of the liquid film. This makes it possible to shorten the time periods of crystallization and melting 
to result in great improvement in operating efficiencies in case of a large-scale processing. 
The detailed structure of the plate 31 is the same as that of the plate 1 1 shown in Rg. 5A. 
Now, a crystallization apparatus according to a fourth preferred embodiment of the present invention will be 

described with reference to Fig. 9. , . . 

In the crystallization apparatus in Fig. 9. the cooling medium feeding system is composed of a heat transfer 
medium tank 41 and a cooler 42 while the heating medium feeding system is composed of the heat transfer medium 
tank 41 and a heater 43. Accordingly, one heat transfer medium works as both the cooling and heating mediums. 
Numeral 44 denotes a feed pump for circulating the liquid mixture 34. 45 a heat transfer medium pump for circulating 
the heat transfer medium, that is. both the cooling and heating mediums, and 46 a crystatlizer body which includes 
therein the plate 31 as shown in Figs. 7A and 7B or 8A and 8B. For crystallization on the one vertical surface 32 of the 
oiate 31 the heat transfer medium in the tank 41 is introduced to the cooler 42 via the pump 45 to be cooled to the tem- 
perature lower than the freezing point of the liquid mixture and supplied to the opposite vertical surface 33 of ttie plate 
31 so as to work as the cooling medium 35. On the other hand, for melting the crystals on the one vertical surface 32. 
the heat transfer medium in the tank 41 is introduced to the heater 43 via the pump 45 to be heated to the temperature 
higher than the freezing point of the crystals and supplied to the opposite vertical surface 33 of the plate 31 so as to 

work as the heating medium 37. 

According to the crystallization apparatus in Fig. 9. the heat transfer medium tank 41 functions as both cooling and 
heating medium tanks so that the apparatus can be simplified. 

In the crystallization apparatus in Fig. 9, the heater 43 may have a function of temperature control. Specifically, the 
heater 43 may heat the heating medium to the temperature higher than the freezing point of the crystals to melt the 
whole crystals. On the other hand, the heater 43 may heat the heating medium to a relatively lower temperature for par- 
tially melting the crystals. This relatively lower temperature may be, for example, within ±5°C of a melting point of the 
objective component to be recovered. Due to this operation, a sweating step can be performed so as to further lower 
the imourrty concentration of the melt. . 

Further in the crystallization apparatus in Fig. 9. a melt circulator may be provided for circulating the melt obtained 
by melting the crystals. According to melt circulation, the crystals are melted not only by the heating medium 37 but also 
by the heated melt so that the melting step can be performed for a shorter time. A liquid tank 47 and the feed pump 44 
may be used for the foregoing melt circulation. 

Now a crystallization apparatus according to a fifth preferred embodiment of the present invention will be described 
with reference to Figs. 10 to 13. The crystallization apparatus according to this preferred embodiment is suitable for a 

larqe-scale crystallization. a „. 

As shown in Fig 10 the crystallization apparatus includes a pair of plates 61 and 62 for crystallization thereon. 
Each of the plates 61 and 62 corresponds to the plate 31 shown in Figs. 8A and 8B. The plates 61 and 62 are vertically 
assembled facing each other and connected to each other at their upper and lower portions so as to form a unit A. As 
appreciated the upper portions of the plates 61 and 62 have inclined surfaces corresponding to the inclined surface 24 
in Figs 8A and 8B. and the plates 61 and 62 are jointed at the upper end portions of these inclined surfaces. 

As shown in Fig 12 the unit A includes therein a heat transfer medium feed pipe 63 placed at the upper portion of 
the vertical space between the plates 61 and 62. On the other hand, liquid distributors 64 are located outside and above 
the unit A to feed the liquid mixture onto the inclined surfaces of the unit A. Mother liquor which flows down the outer 
vertical surfaces of the unit A may be circulated to the liquid distributor 64 through a circulator. 

The heat transfer medium feed pipe 63 is connected to a cooling medium feeding system (not shown) so that the 
cooling medium is supplied therethrough and flows down on the inner vertical surfaces of the unit A to form the crystals 
on the outer vertical surfaces of the unit A. It is to be appreciated that, if the liquid distributor 64 is placed at a position 
lower than the heat transfer medium feed pipe 63. since the liquid mixture supplied through openings 65 °f the liquid 
distributor 64 is contacted fully with the cooled surfaces, crystallization takes place from the position close to the distrib- 
utor openings 65 so that the distributor openings 65 tend to be plugged. Accordingly, to avoid such plugging, it is pref- 
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erable to install the liquid distributor iTabove the heat transfer medium feed pipe 63. 

The heat transfer medium feed pipe 63 is also connected to a heating medium feeding system (not shown) so that 
the heating medium is supplied therethrough and flows down on the inner vertical surfaces to melt and recover the crys- 
tals formed on the outer vertical surfaces of the unit A. Although the cooling medium feeding system and the heating 
s medium feeding system may be different, it is preferable that one heat transfer medium feeding system functions as 
both the cooling and heating medium feeding systems. Specifically, the heat transfer medium feeding system may sup- 
ply the cooling medium through the heat transfer medium feed pipe 63 when crystals are formed, and may supply the 
heating medium through the same pipe 63 when the crystals are melted. 

The plates 61 and 62 are substantially flat as shown in Fig. 1 1 . One example of dimensions of the plates 61 . 62 are 
w that the upper or lower width is about 1 .5 meters and the vertical length is about 3 meters. The plate is preferably formed 
of a metal, such as, iron or stainless steel since metals have high thermal conductivity and can be easily formed. Fur- 
ther standard commercial iron or stainless steel plates may be purchased easily. Moreover, no special complicated 
techniques are required to produce such flat plates. On the other hand, it is preferable to provide support ribs 61 A and 
62A on the plates 61 and 62, respectively, as shown in Fig. 11. Specifically, the support ribs 61 A are vertically fixed on 
75 the outer vertical surface of the plate 61 at appropriate intervals. The support ribs 62A are vertically fixed on the inner 
vertical surface of the plate 62 at appropriate intervals. When smoothness or flatness of the plate is bad in the liquid 
flow direction, that is, when there are significant irregularities on the plate surface in the liquid flow direction, the crystals 
are likely to peel off the plate and fall down in the course of the melting step. Accordingly, the support ribs 61 A and 62A 
are necessary to keep the sufficient smoothness or flatness of the plate in the vertical direction. The support ribs are 
20 particularly effective for large plates in view of the fact that the large thin plate tends to be bent or deformed easily. It is 
preferable that each support rib is formed not to disturb the flows of the liquid mixture in the form of a film. 

The support ribs are not necessarily completely fixed on the plates 61, 62, but may be provided in other proper 
manners to keep sufficient smoothness or flatness of the plate in the liquid flow direction. The flatness in the liquid flow 
direction is defined as follows: 

When two points are set in the liquid flow direction with a distance of 1 meter therebetween, the flatness is the max- 
imum value of the distances between the straight line connecting those two points and the local points on the plate sur- 
face The flatnesses are preferably within 1 0mm, and more preferably within 5mm. Further, in case of the flat plate, it is 
preferable that the foregoing flatness is also specified in the width direction of the plate. Specifically, it is preferable that 
the flatnesses defined above are also within the range as described above along the width direction. 

It is further preferable that the clearance between the plates 61 and 62, that is, the clearance between the inner 
vertical surfaces of the plates 61 and 62 is as small as possible in view of the compactness of the apparatus. Specifi- 
cally as long as the heat transfer medium, that is, the cooling or heating medium can flow down on the paired inner ver- 
tical surfaces as films, considerably small clearances are enough. Accordingly, the clearance may be 10mm. for 
example The support ribs 62A fixed on the inner vertical surface of the plate 62 may also be used as the spacers to 
35 keep the clearances uniformly between the inner vertical surfaces of the plates 61 and 62. Specifically, by setting the 
height of each support rib 62A to the appropriate constant length corresponding to the required clearance and by 
assembling the plates 61 and 62 so that the support ribs 62A abut the inner vertical surfaces of the plate 61 . the uniform 
clearance can be ensured. 

Both lateral ends of the plates 61 and 62 are formed enlarged as shown in Fig. 10 so as to allow the access spacing 

40 for the heat transfer medium feed pipe 63. The heat transfer medium feed pipe 63 is composed of a header pipe 63A 
connected to the cooling and heating medium feeding systems and three branched pipes 63B. The three branched 
pipes 63B are inserted in the foregoing clearance between the inner vertical surfaces of the plates 61 and 62. As shown 
in Fig 13, the support ribs 62A work also as the supports for these branched pipes 63B. Each branched pipe 63B has 
a number of small openings 63C in the form of small holes. The openings 63C of the branched pipe 63B are made in 

45 two parallel lines and the directions of the openings face the two corresponding inner vertical surfaces of the plates 61 
and 62 Further, the openings 63C of the branched pipes 63B are designed as shown in Fig. 13 so as to share the three 
respective lateral regions so that the liquid is uniformly distributed through the openings even for the wide plates 61 and 
62 Accordingly, the cooling medium is uniformly distributed through the openings 63C and flows down on the inner ver- 
tical surfaces of the plates 61 and 62 as uniform films. As a result, the crystals can grow at uniform rate on the outer 

so vertical surfaces of the unit A over substantially the full width of the plates 61 and 62. 

The number of the branched pipes 63B is not limited to three as in this preferred embodiment, but should be varied 
based on a diameter of the branched pipe 63B, that is, the clearance between the plates 61 and 62, the flow rate of the 
heat transfer medium and the width of the plate 61 , 62. In other words, the branched pipes 63B should be designed so 
that the heat transfer medium is uniformly distributed in the width direction of the plates 61 and 62. 

55 The liquid distributors 64 have numerical openings 65 at the bottom portions and in the lateral direction of the cor- 
responding plate 61 or 62. With this arrangement, the liquid mixture is supplied from the liquid distributors 64 to flow 
down uniformly on the outer vertical surfaces of the plates 61 and 62 uniformly in the form of films. As shown in Fig. 12, 
spray nozzles 66 are provided over the liquid distributors 64 to supply the liquid mixture continuously. The spray nozzles 
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66 may be replaced by other types of liquid supplying devices. 

In the crystallization apparatus according to the fifth preferred embodiment, the desired amount of crystals .s 
formed on the outer vertical surfaces of the unit A by introducing the cooling medium through the heat transfer medium 
feed Dine 63 to flow down on the inner vertical surfaces of the unit A as films while introducing the liquid mixture from 
the liquid distributor 64 to flow down on the outer vertical surfaces of the unit A as films. Subsequently, the formed crys- 
tals are melted and collected by introducing the heating medium through the heat transfer med.um feed pipe 63 to flow 
down on the inner vertical surfaces of the unit A as films. Accordingly, with the simple structure, the crystall.zat.on rate 
per unit time can be twice as that obtained when one crystalhzer plate is used. 

Further in the crystallization apparatus according to the fifth preferred embodiment, the heat transfer medium, that 
is the cooling/heating medium may be circulated repeatedly. When it is necessary to further lower product impurity con- 
centrations the collected melt obtained by the foregoing single-stage process may be recycled as the liquid mixture and 
recrvstallized in the same manner as described above. When performing such multi-stage processes, it may be 
arranged that the crystals are formed on the outer vertical surfaces of the unit A and the mother liquor obtained at the 
Nth stage is reused by adding it to the liquid mixture for the (N-1)th stage. It may be further arranged ttiat the heating 
medium of the temperature higher than the freezing point of the crystals is introduced to flow down on the .nner vertical 
surfaces of the unit A as films, and simultaneously, the liquid mixture for the (N+1)th stage is heated and introduced to 
flow down on the crystal layers formed on surfaces of the unit A, so as to accelerate melting of the crystals at the Nth 
stage It may be further arranged that the melt collected at the Nth stage is cooled to obtain new crystal layers and 
mother liquor at the (N + 1)th stage, and that the mother liquor is reused by adding it to the liquid mixture for the Nth 

Sta9 Further in the crystallization apparatus according to the fifth preferred embodiment, the heating medium feeding 
svstem or the heat transfer medium feeding system may have a heater with a function of temperature control to perform 
the sweating operation if necessary. Specif ically, before introducing the heating medium of the temperature higher than 
the freezing point of the crystals onto the inner vertical surfaces of the unit A to melt the whole crystals, the heating 
medium whose temperature is. for example, within ±5'C of a melting point of the component to be recovered is intro- 
duced onto the inner vertical surfaces of the unit A as films so as to partially melt the crystal layers formed on the outer 

surfaces of the unit A. . . 

Further in the crystallization apparatus according to the fifth preferred embodiment, a melt circulator may be pro- 
vided to accelerate melting of the crystals. Specifically, when melting the crystals by introducing the heating medium of 
the temperature higher than the freezing point of the crystals down on the inner vertical surfaces of the unit A. it may be 
arranged that the melt is heated and circulated through the liquid distributors 64 so as to flow down on the outer vert.cal 

surfaces of the unit A. >n i 

Now a crystallization apparatus according to a sixth preferred embodiment of the present invention will be 
described with reference to Figs. 14 and 15. The crystallization apparatus according to this preferred embodiment is 
suitable for purifying the liquid mixture on a large scale compared with the foregoing fifth preferred embodiment. 

As shown in Fig 14 the crystallization apparatus includes a number of the foregoing units A which are arranged in 
parallel so as to form a block B. Specifically, the outer vertical surfaces of the adjacent units A are assembled facing 
each other with desired clearances therebetween. The liquid mixture introduced from each of the liquid distributors 64 
flows down on the outer vertical surfaces of the corresponding adjacent units A as films, respectively. On the other 
hand, the cooling/heating mediums are introduced from the heat transfer medium feed pipes to flow down on the inner 
vertical surfaces of each unit A as f ilms. 

As shown in Fig 15. the plates 61 and 62 of the unit A have outwardly bent enlarged portions 68 at the lateral side 
ends of the plate The adjacent units A are joined to each other by fixedly coupling the outwardly bent portions 68. The 
minimum clearance between the outer vertical surfaces of the adjacent units A is the clearance for crystal layers plus 
the space clearance for the liquid mixture to flow down on the outer vertical surfaces in the form of films. For example, 
when the maximum thickness of the crystal layers on the both outer vertical surfaces is lOmmJ the desirable clearance 
may be 30mm in consideration of a proper clearance between the crystal layers to be formed. The support ribs 61 A pro- 
vided on the outer vertical surface of the plate 61 may be used as the spacers to keep the clearance uniformly between 
the outer vertical surfaces of the adjacent units A. Specifically, by setting the height of each support rib 61 A to the 
appropriate constant length corresponding to the required clearance and by assembling the adjacent units A so that the 
support ribs 61 A abut the outer vertical surface of the plate 62. the uniform clearance can be ensured. 

The connecting pipe 63A for the heat transfer medium feeding system is the header pipe for the branched pipes of 
the units A constituting the block B. As in the foregoing fifth preferred embodiment, the three branched pipes 63 B are 
branched from the connecting pipe 63 A and are inserted in the space between the inner vertical surfaces of each unit A. 

According to the sixth pref ened embodiment, since a number of the units A are assembled in parallel to constitute 
the block B a large-scale crystallization apparatus can be easily structured. Further, since the units A used In this pre- 
ferred embodiment are identical to each other, the two plates 61 and 62 constituting each unit A can be standardized 
and mass-produced, to reduce manufacturing costs of the crystallization apparatus. 
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Now, a crystallization apparatus according to a seventh preferred embodiment of the present invention will be 
described with reference to Figs. 16 and 17. The crystallization apparatus according to this preferred embodiment is 
suitable for purifying the liquid mixture on a further larger scale as compared with the case in the foregoing sixth pre- 
ferred embodiment. 

s As shown in Fig. 16, the crystallization apparatus includes a number of the foregoing blocks B which are assembled 

in parallel. Each block B includes the units A which are ten in number and are assembled in parallel, and the crystalli- 
zation apparatus includes, for example, the seven blocks B. In each block B, the spray nozzles 66, which are, for exam- 
ple, three in number, are provided over the units A along the width direction of the plate 61, 62 to continuously supply 
the liquid mixture. As appreciated, the liquid mixture is supplied through these spray nozzles 66 to the outer vertical 

10 plate surfaces of the units A. The supplied liquid mixture flows down on the outer vertical plate surfaces of the units A 
as films while being cooled by the cooling medium. Accordingly, the crystals are formed on the outer vertical plate sur- 
faces of the units A, and the mother liquor, that is, the residual liquid mixture, is discharged through drain nozzles 73 
provided at the bottom side of each block B. The discharged mother liquor is circulated and resupplied through the 
spray nozzles 66 for successive crystallization on the outer vertical surfaces of the units A. It is preferable to locate the 

75 drain nozzles 73 at the position lower than drain nozzles 72 of the heat transfer medium so as to prevent the drain noz- 
zles 73 from being plugged due to solidification of the liquid mixture. 

Since it may be possible that small crystals fall off the plate surfaces when crystal nuclei are generated in the 
course of crystallization step, it is preferable to enlarge the drain nozzles 73 or to provide bypass lines to avoid the plug- 
ging of the drain nozzles 73. Further, it is preferable to provide isolation materials, such as, metal screens or grids just 

20 over the drain nozzles 73 for receiving the fallen crystals during the step of melting the crystals in order to separate the 
fallen crystals from the mother liquor. By providing such isolation materials, plugging of the drain nozzles 73 can be 
effectively prevented. 

In each block B, the branched pipes 63B are inserted in each unit A and connected to the connecting header pipes 
63A as in the foregoing sixth preferred embodiment and as shown in Fig. 17. The connecting header pipes 63A of the 
25 seven blocks B are commonly connected to be unified so that the heat transfer medium, that is, the cooling/heating 
medium is supplied to all the blocks B via the unified common connecting header pipes 63A and are supplied to the 
inner vertical surfaces of the units A through the openings 63C of the branched pipes 63B. The drain nozzles 72 are 
provided at the bottom and lateral side end of each block B for discharging the cooling/heating medium. The discharged 
cooling/heating medium is circulated. 
30 According to the seventh preferred embodiment, since a number of the blocks B are assembled in parallel, a further 

large-scale crystallization apparatus can be easily structured. Further, even when the unit A is troubled, replacement is 
possible by unit of the block B so operation of the whole crystallization apparatus can be continued. Further, it is advan- 
tageous that the block can be repaired during the operation. 

It is to be appreciated that, in the crystallization apparatus according to the seventh preferred embodiment, when 
35 processing a large quantity of the liquid mixture, the same single-stage processing may be performed in all the blocks 
B in parallel, or a different step of the processing may be performed per block B. 

Now, a multi-stage crystallization apparatus will be described according to an eighth preferred embodiment of the 
present invention. Fig. 18 shows a schematic structure of this multi-stage crystallization apparatus. 

As shown in Fig. 18, the multi-stage crystallization apparatus includes a mother liquor storage tank V-0, a first stor- 
40 age tank V-1 , a second storage tank V-2, a third storage tank V-3 and a product storage tank V-4. The liquids in these 
storage tanks are supplied to a crystallizer body 80 via a circulation tank. Further, the mother liquor, the liquid obtained 
by the sweating step (hereinafter referred to as "sweated liquid") and the melt from the crystallizer body 80 are first fed 
to the circulator tank and are circulated between the storage tanks and the crystallizer body 80. 

For example, it is assumed that one typical crystallization cycle is completed by performing a first-stage crystalliza- 
45 tion once, a second-stage crystallization twice and a third-stage crystallization once. In this case, the liquid mixture is 
first supplied to the second storage tank V-2. In the second-stage crystallization, a mixture of the mother liquor obtained 
in the third-stage crystallization, the melt obtained in the first-stage crystallization, the sweated liquid obtained in the 
second-stage crystallization and the liquid mixture for the second-stage crystallization is supplied via the circulation 
tank to the crystallizer body 80 as the feed liquid to be purified. In the crystallizer body 80, the crystallization is per- 
so formed twice by dividing the supplied liquid into halves. The mother liquor obtained in this second-stage crystallization 
is sent to the first storage tank V-1 , the sweated liquid obtained in this second-stage crystallization is sent to the second 
storage tank V-2, and the melt obtained in this second-stage crystallization is sent to the third storage tank V-3. 

In the third-stage crystallization, a mixture of the melt from the second-stage crystallization and the sweated liquid 
obtained in the third-stage crystallization is supplied via the circulation tank to the crystallizer body 80 as the feed liquid 
55 to be purified. The mother liquor obtained in this third-stage crystallization is sent to the second storage tank V-2, the 
sweated liquid obtained in this third-stage crystallization is sent to the third storage tank V-3, and the melt obtained in 
this third-stage crystallization is sent to the product storage tank V-4. 



In the first-stage crystallization, a mixture of the mother liquor from the second-stage crystallization and the 
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sweated liquid obtained in the first-stage crystallization is sent via the circulation tank to the crystallizer body 80 as the 
feed liquid to be purified. The mother liquor obtained in this first-stage crystallization is sent to the mother liquor storage 
tank V-0, the sweated liquid obtained in this first-stage crystallization is sent to the first storage tank V-1 , and the melt 
obtained in this first-stage crystallization is sent to the second storage tank V-2. 
In this manner, one crystallization cycle is completed. 

According to the multi-stage crystallization apparatus as described above, the high-purity product can be obtained, 
and further, the product recovery efficiency is also improved. 

Examples 

The results of some experiments will be described hereinbelow. 



Example 1 

The crystallization apparatus shown in Figs. 7A and 7B was used. As shown in Figs. 7A and 7B, acrylic acid was 
supplied onto the flat plate 31 from above and obliquely, and the crystallization was performed. The surface of the crys- 
tallizer plate 31 has a width of 200mm and a height of 600mm, and 1 ,200 g. of acrylic acid was used as the liquid mix- 
ture. The crystallization was continued until 840 g. of the crystals were formed. A final mean thickness of the crystal 
layer was 7mm. A 30% by weight ethanol aqueous solution was used as the cooling medium, and an inlet temperature 
of the cooling medium to the crystallization apparatus was controlled at 2°C. The liquid splashed on the surface in the 
course of crystallization and the surfaces of the crystal layer formed were significantly corrugated. It took 35 minutes to 
finish the crystallization step. 

In order to make visual observations, a transparent poly (vinyl chloride) plate was attached to the front side of the 

crystallization apparatus. 



Example 2 

The crystallization apparatus shown in Figs. 8A and 8B was used, wherein the angle 0 of the inclined surface 24 
was 45 degrees. The experiment was conducted in the same manner as in Example 1 except that acrylic acid was intro- 
duced onto the inclined surface 24 as shown in Fig. 8A. On this experiment, the liquid did not splash on the plate surface 
and no marked roughness was observed on the crystal layer. It took 25 minutes to complete the crystallization step. 



Example 3 

In Example 2, the cooling medium was heated up to 15°C to work as the heating medium and was circulated for 
the sweating step 'to melt partially the crystals formed in Example 2. As a result, 90 g. of the crystals were melted in 5 
minutes Although it was observed that the melting occurred near the surface of the plate 31 and the melt flowed down 
on the plate surface, the crystals remained adhered to the plate surface without falling off. Subsequently, the heating 
medium was further heated up to 25°C and was circulated so as to melt all the remaining crystals. Similar to the sweat- 
ing step, the melting proceeded with almost all the crystals being adhered to the plate surface. This melting step 
required 5 minutes. 

Comparative Example 1 

In order to make a visual observation, Pyrex-glass double tubes with 40mm inner diameter for an inner tube, 70mm 
outer diameter for an outer tube, a height of 1,160mm were used. The crystallization was performed by supplying 
acrylic acid onto an inner surface of the inner tube as a film and by supplying the cooling medium between the inner 
and outer tubes. A metal screen was placed at the bottom of the double tubes to prevent the crystals from falling off. 
1 200 g of acrylic acid was used as the liquid mixture, and the crystallization was continued until 840 g. of the crystals 
were formed. Afinal mean thickness of the crystal layer was 7mm. A 30% by weight ethanol aqueous solution was used 
as the cooling medium, and an inlet temperature of the cooling medium to the crystallization apparatus was controlled 
at 2°C. The crystallization step required 35 minutes. 

Thereafter, the cooling medium was heated up to 15°C to work as the heating medium and was circulated for the 
sweating step. 90 g. of the crystals were melted in 7 minutes. Melting occurred on the inner surface of the inner tube 
and the crystals formed fell off the surface down to the metal screen at the bottom of the tube. The heating medium was 
further heated up to 25°C and was circulated to melt all the remaining crystals. However, due to the clearance between 
the surface of the crystal layer and the tube inner surface, effective melting did not proceed. Accordingly, the melt was 
heated up to 25°C and was circulated. However, since the melt flowed down through the clearance, the melting pro- 
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ceeded so slowly that it took 35 minutes to melt all the crystals. 



Example 4 

The multi-stage crystallization apparatus shown in Fig. 1 8 was used, wherein the crystallizer body 80 was the same 
as that used in Example 2. The liquid mixture was supplied to the second storage tank V-2. In the second-stage crys- 
tallization, 766 g. of the mother liquor from the third-stage crystallization, 754 g. of the melt from the first-stage crystal- 
lization, 1 68 g. of the sweated liquid from the second-stage crystallization and 1 ,520 g. of the new feed liquid were 
mixed to produce 3,208 g. of the liquid mixture. The liquid mixture was divided into halves to be crystallized twice. 
Through one operation of the second-stage crystallization, 763 g. of the mother liquor, 84 g. of the sweated liquid and 
757 g. of the melt were obtained. As a result, through two operations in the second-stage crystallization process, 1 ,526 
g. of the mother liquor were obtained and sent to the first storage tank V-1 , 168 g. of the sweated liquid were obtained 
and sent to the second storage tank V-2, and 1 ,51 4 g. of the melt were obtained and sent to the third storage tank V-3. 

In the third-stage crystallization, 1 ,514 g. of the melt from the second-stage crystallization and 84 g. of the sweated 
liquid from the third-stage crystallization were mixed to produce 1 .598 g. of the liquid mixture for the feed stock, and 760 
g. of the mother liquor, 84 g. of the sweated liquid and 754 g. of the melt were obtained. The mother liquor was sent to 
the second storage tank V-2, the sweated liquid was sent to the third storage tank V-3 and the melt was sent to the prod- 
uct storage tank V-4. Similarly, in the f irst-stage crystallization, 1 ,526 g. of the mother liquor from the second-stage crys- 
tallization and 84 g. of the sweated liquid were mixed to produce 1,610 g. of the liquid mixture for the feed stock, and 
766 g. of the mother liquor, 84 g. of the sweated liquid and 760 g. of the melt were obtained. The mother liquor was sent 
to the final mother liquor storage tank V-0, the sweated liquid was sent to the first storage tank V-1 and the melt was 
sent to the second storage tank V-2. In this manner, one crystallization cycle was completed by performing the first- 
stage crystallization once, the second-stage crystallization twice and the third-stage crystallization once, and 754 g. of 
the product and 766 g. of the final mother liquor were obtained from 1,520 g. of the feed liquid mixture. Through the 
whole-stage crystallization, the crystallization temperature was controlled at 20°C, the sweating temperature at 15°C 
and the melting temperature at 25°C. 

Impurity concentrations of the liquid mixture, the product and the final mother liquor are shown in Table 1. in which 

the figures are in ppm by weight. 

Table 1 



liquid mixture 870 
product 70 
final mother liquor 1,630 



Table 1 shows that the purified product can be obtained by performing the multi-step crystallization. The number of 
crystallization stages is not limited to three as in this experiment, but may be increased to improve the purity and the 
recovery of the product. Further, when one crystallizer body is used for performing the multi-stage crystallization as in 
this experiment, it is effective to moderately equalize the amount of the feed liquid mixtures to be separated in each 
crystallization stage. This can be fulfilled by varying the number of operations in each crystallization stage as in this 
experiment 

Example 5 

The unit A as shown in Fig. 10 was assembled using a pair of plates each having a width of 0.5 meters and a height 
of 1.5 meters. Further, the block B as shown in Fig. 14 was made assembling the two units A in parallel. This block B 
was used as the crystallization apparatus. The clearance between the inner vertical surfaces of each unit A was 10mm, 
and the clearance between the outer vertical surfaces of the two units A was 30mm. A 30% by weight ethanol aqueous 
solution was used as the cooling medium, and an inlet temperature of the cooling medium to the crystallization appa- 
ratus was controlled at 2°C. As shown in Fig. 9, the cooling medium was circulated by the heat transfer medium pump 
45 and flowed down on the inner vertical surfaces of each unit A as films. On the other hand, 30kg of acrylic acid whose 
impurity concentration is 870ppm, were used as the feed liquid mixture. The liquid mixture was circulated by the feed 
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pump 44 to flow down on the outer vertical surfaces of the units A as films. By monitoring a liquid level of the feed tank 
47, the circulation of the liquid mixture was stopped when 21kg of the crystals were formed. 

Thereafter, the cooling medium was heated by the heater 43 up to 15°C and was circulated as the heating medium 
to flow down on the inner vertical surfaces of each unit A as films so as to perform the sweating step to melt 2kg of the 
crystals. Further, the heating medium was heated by the heater 43 up to 25°C and was circulated to flow down on the 
inner vertical surfaces of each unit A as films so as to melt all the remaining crystals. As a result, the mother liquor with 
impurity concentration of 2,030ppm by weight, the sweated liquid with impurity concentration of 720ppm by weight and 
the melt with impurity concentration of 290ppm by weight were obtained. Accordingly, high-purity acrylic acid containing 
very small amounts of acetic acid and propionic acid were obtained. The results of this experiment are shown in Table 
2 Further, plugging of the pipes and falling-off of the crystals in the course of melting the crystals were not generated. 
It can be considered that the crystals did not fall off during melting because the crystals adhered to the outer vertical 
plate surfaces due to surface tension of the melt. 

Experiments were further performed using acrylic acids having different impurity concentrations as the feed liquid 
mixtures. The crystallization steps were carried out in the same manner as described above. Results are also shown in 
Table 2 where the figures denote impurity concentrations in ppm by weight. 

Table 2 



Experiment 
No. 


feed liquid 
mixture 


mother 
liquor 


sweated 
liquid 


melted crystals 


5-1 


870 


2.030 


720 


290 


5-2 


110 


250 


65 


40 


5-3 


1.900' 


5.400 


830 


360 


5-4 


11.400 


40,700 


5.600 


920 



Table 2 shows that high-purity acrylic acids were obtained in the experiments. Further, plugging of the pipes and 
falling-off of the crystals in the course of melting steps were not generated. 

Example 6 

Crystallization operation was carried out in the same manner as in Example 5, using crude benzene containing 
cyclohexane as a major impurity as the feed liquid mixture. Impurity concentrations of the melted crystals and the feed 
liquid mixture were 0.51% by weight and 4.6% by weight, respectively. 

Example 7 

Crystallization operation was performed in the same manner as in Example 5, using crude p-dichlorobenzene solu- 
tion containing o-dichlorobenzene as a major impurity as the feed liquid mixture. The impurity concentrations of the 
melted crystals and the feed liquid mixture were 5.3% by weight and 53.5% by weight, respectively. 

Example 8 

A mixture containing MAA (methacrylic acid) as the component to be separated and i-BA (isobutyric acid) as the 
component to be removed was purified by the crystallization method. Composition of the feed liquid mixture and the 
melt of the obtained crystals are shown in Table 3 where the figures denote concentrations in % by weight. 
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Table 3 



feed liquid 
mixture 



melted crystals 



10 


MAA 


94.1 


95.9 




i-BA 


5.3 


3.9 




H 2 0 


0.1 


0.1 


IS 


others 


0. 5 


0.1 



20 Example 9 

Crystallization operation was performed in the same manner as in Example 8. A xylene mixture containing p-xylene 
as a component to be purified was used in this experiment. The results are shown in Table 4 where the figures denote 
concentrations in % by weight. 



25 



Table 4 



30 



feed liquid 
mixture 



melted 
crystals 



35 



40 



p-xylene 
m-xylene 
o-xylene 
others 



22.0 
55.5 
21.5 
1.0 



97.0 
2.0 
0.5 
0.5 



45 



Example 10 

Crystallization process was performed in the same manner as in Example 8. A mixture containing 2,6-DIPN (diiso- 
propylnaphthalene) as a component to be purified was used in this experiment. The results are shown in Table 5 where 
the figures denote concentrations in % by weight. 



50 



55 



13 
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Table 5 



feed liquid 
mixture 



melted 
crystals 



2.6- DIPN 

2.7- DIPN+l. 7-DIPN 
1.3-DIPN 
1,6-DIPN 

others 



34.6 
41.6 
12.3 
8.0 
3.5 



91.5 
7.2 
1.3 



Example 11 

Crystallization operation was performed in the same manner as in Example 8. A mixture containing bisphenol A as 
a component to be purified was used in this experiment. The results are shown in Table 6 where the figures denote con- 
centrations in % by weight. 

Table? 6 



feed liquid 
mixture 



melted 
crystals 



bisphenol A 
phenol 

isopropenyl phenol 
ortho-para bisphenol 
others 



93.0 
2.0 
0.5 
4.0 
0.5 



99.4 
0.1 

0.5 



Tables 3 to 6 show that separation of MAA from i-BA is difficult by the single-stage crystallization compared with 
the other examples. The separation of MAA and i-BA by distillation is also difficult because of their close boiling points. 
Accordingly, in purification of MAA and acrylic acid described before, the multi-stage crystallization is necessary to 
obtain high-purity products. As the crystallizer for multi-stage crystallization, the foregoing preferred embodiments of 
the present invention using a number of the plates are significantly advantageous compared with the multi-tube crystal- 
lization apparatus. Specifically, in the multi-tube crystallization apparatus, a number of the tubes are installed in a large 
cylindrical shell. Accordingly, once the amount of the liquid mixture to be processed or the number of the crystallization 
stages is fixed, it is practically very difficult to remove some of the tubes so as to perform turn-down operations, that is, 
it is very difficult to change the designed processing capacity or the number of the crystallization stages, afterwards. On 
the other hand, if the apparatus is designed to allow removing some of the tubes, the supplying systems for cool- 
ing/heating mediums and the liquid mixtures become inevitably very complicated. In the preferred embodiments of the 
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present invention on the other handTdTsassembling and assembling of the units having the flat plates are easy so that 
adjustment of processing capacity or the number of the crystallization stages is possible. Accordingly the preferred 
embodiments of the present invention are very effective for the multi-stage crystallization processes, particularly when 
purifying the liquid mixtures, such as. acrylic acid or MAA on a large scale. 

The foregoing description shows the present invention is effectively applicable to purification processes by crystal- 
lization and particularly, applicable to the melt or fractional crystallization. Compounds to be separated by the crystal- 
lization' are not particularly limited. For example, naphthalenes, phenols, xylenes, halogenated benzenes, organic 
acids, etc. are suitable compounds. The disclosed crystallization herein is particularly suitable for purification of acrylic 
cictd 

The crystallization method and crystallization apparatus each use vertical plates for crystallization thereon. Both 
surfaces of the plate are used for different two liquids to flow down as films. Specifically, on one vertical surface, a feed 
liquid mixture containing crystallizable components therein flows down as a film, and on an opposite vertical surface, a 
cooling medium flows down as a film. Accordingly, the crystallizable component contained in the feed liquid mixture is 
cooled and crystallized to form crystal layers on the one vertical surface of the plate. The formed crystal layers are 
melted by a heating medium which flows down on the opposite vertical surface, and are collected as a melt. A pair of 
the plates may be used to form a unit to purify the liquid mixture on a large scale. A number of the units may be used 
to form a block which is suitable for a larger-scale crystallization processing. Further, a number of the blocks may be 
used to purify the liquid mixtures on a further larger-scale processing. 



Claims 



1 . A method of separating a crystallizable component contained in a liquid mixture, the method comprising the steps 
of: 

circulating the liquid mixture to one side surface (12; 32) of a vertical flat plate (11; 31; 61. 62) via liquid feed 
distributing means (22; 23; 65) arranged along the width of said plate so as to allow said mixture to flow down 
on said one side surface of the plate or crystal layers formed on said one side surface uniformly along the width 
of said plate as a f ilm; 

supplying a cooling medium of a temperature lower than the freezing point of the liquid mixture onto the oppo- 
site side surface (13; 33) of said plate (1 1 ; 31 . 61 . 62). said cooling medium flowing down on said opposite side 
surface of the plate uniformly along the width of said plate as a film so as to form a desired amount of crystals 
of the crystallizable component on said one side surface; and 

supplying a heating medium of a temperature higher than the freezing point of the crystals onto said opposite 
side surface of said plate (1 1 ; 31 . 61 , 62), said heating medium flowing down on said opposite side surface uni- 
formly along the width of said plate as a f ilm so as to melt and recover the crystals formed on said one side 
surface of the plate. 

2 The method as set forth in claim 1 , wherein said mixture is circulated to said one side surface (12; 32) at substan- 
tially uniform velocities along a lateral direction of said plate (1 1 ; 31 ; 61 . 62) so as to flow down on said one side 
surface with sufficiently uniform thickness. 

3 The method as set forth in claim 1 , wherein said cooling medium and said heating medium are the same heat trans- 
fer medium, said heat transfer medium cooled to work as the cooling medium and heated to work as the heating 
medium. 

4 The method as set forth in claim 1 . further comprising the step of introducing a heating medium to said opposite 
side surface (13; 33) of the plate (1 1 ; 31 ; 61 , 62) as a film so as to partially melt the crystals prior to the succeeding 
step of melting the total crystals. 

5 The method as set forth in claim 1 , further comprising the step of introducing the melt of the crystals onto said one 
side surface (12; 32) while supplying the heating medium onto said opposite side surface (13; 33), to accelerate 
melting of the crystals. 

6 The method as set forth in claim 1 , wherein said liquid feed distributing means comprises a plurality of notches (22) 
of said plate (1 1 ; 31 ; 61 , 62)) formed at an upper end of said plate along the width thereof so as to allow the liquid 
mixture to pass therethrough to said one side surface (12; 32) of the plate. 

7. The method as set forth in claim 1. wherein said liquid feed distributing means comprises a slit (23) formed at a 
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lower end of a liquid distributor (21 ; 64) along the width of said plate (1 1 ; 31 ; 61 , 62) so as to allow the liquid mixture 
to pass therethrough to said one side surface (1 2; 32) of the plate. 

8 The method as set forth in claim 1 , wherein said liquid feed distributing means comprises a plurality of openings 
(65) formed at a lower end of a liquid distributor (21 ; 64) along the width of said plate (1 1 ; 31 ; 61 , 62) so as to allow 
the liquid mixture to pass therethrough to said one side surface (12; 32) of the plate. 

9. The method as set forth in claim 1, wherein each of said cooling medium and said heating medium is supplied to 
said opposite side surface (13; 33) via a plurality of openings (63C) of medium feed pipe means (63), said openings 
arranged along the width of said plate. 

10. The method as set forth in claim 2, further comprising the step of circulating the liquid mixture to an inclined plate 
surface (24) located at an upper portion of the vertical plate (11; 31; 61, 62) to improve the uniformity of the liquid 
velocities. 

1 1 . A method of performing a plurality of crystallization stages according to the method of claim 1 repeatedly in a multi- 
stage manner, 

wherein a mother liquor obtained from a Nth crystallization stage by crystallizing said crystallizable compo- 
nent contained in said liquid mixture is used as a feed liquid for an (N-1)th crystallization stage, by adding said 
mother liquor to a feed liquid mixture to be supplied for the (N-1)th crystallization stage; 

wherein, in the Nth crystallization stage, the liquid mixture for an (N+1)th crystallization stage is heated and 
introduced to said one side surface (1 1 ; 31) at the Nth crystallization stage while supplying the heating medium to 
said opposite side surface (13; 33) so as to rapidly melt and recover the crystals; and 

wherein, in the (N+1)th crystallization stage, the melt of the crystals recovered in the Nth crystallization 
stage is used as the liquid mixture. 

12. The method a set forth in claim 11, wherein multi-stage crystallization operations are carried out by equalizing 
amounts of the feed liquid mixture in each crystallization stage. 

13. An apparatus for separating a crystallizable component contained in a liquid mixture, the apparatus comprising: 

a vertical flat plate (1 1 ; 31 ; 61 , 62); 

liquid mixture feeding means for circulating the liquid mixture to one side surface (12; 32) of said plate via liquid 
feed distributing means (22; 23; 65) arranged along the width of said plate in such a way that said mixture is 
allowed to flow down on said one side surface of the plate or crystal layers uniformly along the width of said 
plate as a film; 

cooling medium feeding means for supplying a cooling medium of a temperature lower than the freezing point 
of the liquid mixture onto an opposite side surface (13; 33) of said plate, the cooling medium feeding means 
being arranged in such a way that said cooling medium flows down on said opposite side surface of the plate 
uniformly along the width of said plate as a film; and 

heating medium feeding means for supplying a heating medium of a temperature higher than a freezing point 
of the crystals onto said opposite side surface (13; 33) of the plate, the heating medium feeding means being 
arranged in such a way that said heating medium flows down on said opposite side surface uniformly along the 
width of said plate as a film. 

14. The apparatus as set forth in claim 13, wherein said liquid mixture feeding means includes a distributor (21 ; 64) for 
uniformly distributing the liquid mixture along a lateral direction of said vertical plate (1 1 ; 31 ; 61 , 62), and wherein 
said mixture is circulated to said one side surface through said distributor. 

15. The apparatus as set forth in claim 14, wherein said plate is a flat plate with an inclined surface (24) located at its 
upper portion, and wherein said mixture is circulated to said inclined surface via said distributor (21 ; 64). 

16. The apparatus as set forth in claim 15, wherein a redistributor (25) is provided on said inclined surface (24) of the 
plate. 

1 7. The apparatus as set forth in claim 1 3, wherein said liquid mixture feeding means comprises a liquid distributor (21 ; 
64) provided at an upper end of said plate and said liquid feed distributing means comprises a plurality of notches 
(22) of said plate formed at the upper end thereof along the width of said plate so as to allow the liquid mixture to 
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pass therethrough from said liquid distributor to said one side surface (12; 32) of the plate. 

18 The apparatus as set forth in claim 13. wherein said liquid mixture feeding means comprises a liquid distributor (21 ; 
* 64) provided at an upper end of said plate and said liquid feed distributing means comprises a slit (23) formed at a 

lower end of said liquid distributor along the width of said plate so as to allow the liquid mixture to pass therethrough 
from said liquid distributor to said one side surface (12; 32) of the plate. 

1 9 The apparatus as set forth in claim 1 3. wherein said liquid mixture feeding means comprises a liquid distributor (21 ; 
' 64) provided at an upper end of said plate and said liquid feed distributing means comprises a plurality of open.ngs 

(65) formed at a lower end of said liquid distributor along the width of said plate so as to allow the liqu.d mixture to 
pass therethrough from said liquid distributor to said one side surface (12; 32) of the plate. 

20 The apparatus as set forth in claim 13. wherein said cooling medium means comprises a cooling medium tank (41). 
' a pump (45) and a cooler (42) and said heating medium means comprises a heating medium tank (41). a pump 

(45) and a heater (43). and wherein said cooling and heating mediums are the same medium and said cooling 
medium tank is also the heating medium tank. 

21 The apparatus as set forth in claim 13. wherein said cooling medium feeding means and said heating medium feed- 
' ing means commonly have medium feed pipe means (63). and wherein said medium feed pipe means has a plu- 
rality of openings (63C) arranged along the width of said plate for feeding said cooling or heating medium to said 
opposite side surface (13; 33) uniformly along the width of said plate as a film. 

22 An apparatus as set forth in claim 13. further comprising a second vertical flat plate, wherein both vertical plates 
' (61 . 62) have an inwardly bent inclined surface at their upper portions, both plates being jointed to each other at the 

too ends of the plates with said inclined surfaces and forming a unit (A); 

wherein said liquid mixture feeding means are adapted to circulate the liquid mixture to outer surfaces of the 
Dlates (61 62) of the unit via liquid feed distributing means (65) arranged along a width of said plates so as to allow 
said liquid' mixture to flow down on the outer surfaces of the plates of the unit including crystal layer surfaces uni- 
formly along the width of said plates as films; 

wherein said cooling medium feeding means (63) are adapted to circulate a cooling medium of a tempera- 
ture lower than a freezing point of the liquid mixture to inner surfaces of the plates (61 . 62) of the unit, said cooling 
medium flowing down on the inner surfaces of the plates of the unit uniformly along the width of said plates as films; 

wherein said heating medium feeding means (63) are adapted to circulate a heating medium of a tempera- 
ture higher than a freezing point of the crystals to said inner surfaces of the plates (61. 62). said heating medium 
flowing down on said inner surfaces of the plates uniformly along the width of said plates as films. 

23. The apparatus as set forth in claim 22. wherein vertical supports (61 A. 62A) are provided on the vertical flat plates 
(61, 62) to improve and maintain the flatness of said plates. 

24 The apparatus as set forth in claim 22. wherein vertical supports (62A) are provided between the flat plates (61 , 
' 62). and wherein the flat plates (61 . 62) are jointed to form the unit (A) using the vertical supports (62A) as spacers 

to ensure a uniform clearance between the flat plates (61 , 62). 

25 An apparatus as set forth in claim 22. further comprising at least one additional unit (A), wherein the number of 
units are assembled in parallel with a specified clearance therebetween and form a block (B); 

wherein said liquid mixture feeding means are adapted to circulate the liquid mixture to outer surfaces of the 
Dlates (61 62) of each unit via liquid feed distributing means (65) arranged along a width of said plates so as to 
allow said 'mixture to flow down on the outer surfaces of the plates of each unit including said inclined surfaces and 
crvstal layers uniformly along the width of said plates as films; 

wherein said cooling medium feeding means (63) are adapted to circulate a cooling medium of a tempera- 
ture lower than a freezing point of the liquid mixture to inner surfaces of the plates (61 , 62) of each unit, said cooling 
medium flowing down uniformly along the width of said plates as films; and 

wherein said heating medium feeding means (63) are adapted to circulate a heating medium of a tempera- 
ture higher than a freezing point of the crystals to said inner surfaces of the plates (61 . 62) of each unit, said heating 
medium flowing down uniformly along the width of said plates as films. 

26. The apparatus as set forth in claim 25. wherein vertical supports (61 A. 62A) are provided on the surfaces of all the 
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vertical flat plates (61. 62) to improve and maintain the flatness of the plates and to keep uniform clearances 
between the plates. 

27. The apparatus as set forth in claim 26, wherein at least one more block (B) is provided to be combined with said 
former block (B), said one more block constituting a new larger composite including said former block. 

28 The apparatus as set forth in claim 25, wherein vertical supports (61 A) are provided on the outer surface of the 
plate (61) of each unit (A), and wherein said specified clearance between the adjacent units is ensured using the 
vertical supports (61 A) as spacers. 

Patentanspruche 

1. Verfahren zum Abtrennen einer kristallisierbaren Komponente, die in einem FlOssigkeitsgemisch enthalten ist, mit 
den folgenden Schritten: 

Umwalzen des FlOssigkeitsgemisches auf eine Seitenf lache (12; 32) einer vertikalen flachen Platte (1 1 ; 31 ; 61 ; 
62) Ciber Flussigkeitszufuhrverteilungseinrichtungen (22; 23; 65), die entlang der Breite der Platte angeordnet 
ist so daB das Gemisch auf der einen Seitenf lache der Platte oder auf Kristallschichten, die auf der einen Sei- 
tenfiache ausgebildet sind, gleichmaBig entlang der Breite der Platte als Film nach unten strdmen kann; 

Zufuhren eines KOhlmediums mit einer Temperatur, die geringer ist als der Gefrierpunkt des FlOssigkeitsgemi- 
sches auf die gegenOberliegende Seitenfiache (13; 33) der Platte (1 1 ; 31 , 61 , 62), wobei das Kuhlmedium auf 
der g^genuberliegenden Seitenfiache der Platte gleichmaBig entlang der Breite der Platte als Film nach unten 
strdmt, urn eine gewOnschte Menge an Kristallen der kristallisierbaren Komponente auf der einen Seitenf lache 
auszubilden; und 

Zufuhren eines Heizmediums einer Temperatur, die hOher ist als der Gefrierpunkt der Kristalle, auf die gegen- 
uberliegende Seitenf lache der Platte (1 1 ; 31 , 61 , 62), wobei das Heizmedium auf der gegenOberliegenden Sei- 
tenfiache gleichmaBig entlang der Breite der Platte als Film nach unten strfimt, urn die auf der einen 
Seitenf lache der Platte ausgebildeten Kristalle aufzuschmelzen und rOckzugewinnen. 

2 Verfahren nach Anspruch 1. bei dem das Gemisch auf die eine Seitenf lache (12; 32) mit im wesentlichen gleich- 
maBigen Geschwindigkeiten entlang einer seitlichen Richtung der Platte (1 1 ; 31 ; 61 , 62) umgewaizt w.rd, urn auf 
der einen Seitenfiache mit ausreichend gleicher Dicke nach unten zu stromen 

3 Verfahren nach Anspruch 1 , bei dem das Kuhlmedium und das Heizmedium das gleiche WarmeObertragungsme- 
dium sind, das gekOhlt wird, urn als das Kuhlmedium zu wirken, und das erhitzt wird, urn als das Heizmedium zu 
wirken. 

4 Verfahren nach Anspruch 1 , das des weiteren den Schritt des EinfOhrens eines Heizmediums auf die gegenuber- 
liegende Seitenfiache (13; 33) der Platte (11; 31 ; 61 , 62) als Film umfaBt. urn die Kristalle vor dem nachfolgenden 
Schritt des Aufschmelzens der gesamten Kristalle teilweise aufzuschmelzen, 

5. Verfahren nach Anspruch 1 , das des weiteren den Schritt des Einfuhrens der Schmelze der Kristalle auf die eine 
Seitenfiache (12; 32) umfaBt, wahrend das Heizmedium auf die gegenuberliegende Seitertfiache (13; 33) gefOhrt 
wird, urn das Schmelzen der Kristalle zu beschleunigen. 

6. Verfahren nach Anspruch 1 , bei dem die Flussigkeitszufuhrverteilereinrichtungen eine Vielzahl von Kerben (22) der 
Platte (1 1 ; 31 ; 61 , 62) umfassen, die an einem oberen Ende der Platte entlang deren Breite ausgebildet sind. so 
daB das Flussigkeitsgemisch durch die Kerben zu der einen Seitenfiache (12; 32) der Platte dringen kann. 

7 Verfahren nach Anspruch 1 . bei dem die Flussigkeitszufuhrverteilereinrichtungen einen Schlitz (23) umfassen. der 
an einem unteren Ende eines FlOssigkeitsverteilers (21 ; 64) entlang der Breite der Platte (1 1 ; 31 ; 61 , 62) ausgebil- 
det ist, urn ein Hindurchdringen des FlOssigkeitsgemisches zu der einen Seitenfiache (12; 32) der Platte zu ermdg- 
lichen. 

8 Verfahren nach Anspruch 1 , bei dem die FlOssigkeitszufOhrverteilereinrichtungen eine Vielzahl von Offnungen (65) 
umfassen, die an einem unteren Ende eines FlOssigkeitsverteilers (21 ; 64) entlang der Breite der Platte (1 1 ; 31 ; 61 , 
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62) ausgebildet sind, urn ein Hindurchdringen des Flussigkeitsgemisches zu der einen Seitenfiache (12; 32) der 
Platte zu ermOglichen. 

9 Verfahren nach Anspruch 1 . bei dem sowohl das Kuhlmedium als auch das Heizmedium der gegenuberliegenden 
Seitenfiache (13; 33) Ober eine Vielzahl von Offnungen (63C) von Zufuhrrohreinrichtungen (63) fur ein Medium 
zugefuhrt werden, wobei die Offnungen entlang der Breite der Platte angeordnet sind, 

10 Verfahren nach Anspruch 2, das des weiteren den Schritt des Umwaizens des Flussigkeitsgemisches zu einer 
' geneigten Plattenf lache (24) umfaBt, die an einem oberen Abschnitt der vertikalen Platte (1 1 ; 31 ; 61 , 62) angeord- 
net ist, urn die GleichmaBigkeit der Flussigkeitsgeschwindigkeiten zu verbessern. 

11. Verfahren zur Durchfuhrung einer Vielzahl von Kristallisationsstufen gemaB dem Verfahren von Patentanspruch 1 
auf wiederholte mehrstufige Weise, t 
bei dem eine aus einer N-ten Kristallisationsstufe durch Kristallisation der kristallisierbaren Komponente, die in 
dem FIQssigkeitsgemisch enthatten ist. erhaltene Mutterlauge als Beschickungsf lussigkeit fur eine (N-1)-te Kristal- 
lisationsstufe verwendet wird, indem die Mutterlauge einem fur die (N-1)-te Kristallisationsstufe zuzufuhrenden 
BeschickungsflOssigkeitsgemisch zugesetzt wird; 

wobei in der N-ten Kristallisationsstufe das Flussigkeitsgemisch fur eine (N+1)-te Kristallisationsstufe erhitzt und 
der einen Seitenfiache (11; 31) in der N-ten Kristallisationsstufe zugefuhrt wird, wahrend das Heizmedium der 
gegenuberliegenden Seitenfiache (13; 33) zugefuhrt wird, urn die Kristalle rasch aufzuschmelzen und rGckzuge- 

winnen; und . 
wobei in der (N+1)-ten Kristallisationsstufe die Schmelze der in der N-ten Kristallisationsstufe ruckgewonnenen Kri- 
stalle als Flussigkeitsgemisch verwendet wird. 

12. Verfahren nach Anspruch 11, bei dem Mehrstufenkristallisationsvorgange durchgefuhrt werden, indem Mengen 
' des Beschickungsf lussigkeitsgemisches in jeder Kristallisationsstufe ausgeglichen werden. 

13. Vorrichtung zum Abtrennen einer kristallisierbaren Komponente, die in einem Flussigkeitsgemisch enthalten ist, 
mit: 

einer vertikalen f lachen Platte (1 1 ; 31 ; 61 . 62), 

Flussigkeitsgemischzufuhreinrichtungen zum Umwaizen des Russigkeitsgemisches zu einer Seitenfiache (12; 
32) der Platte uber Flussigkeitszufuhrverteilereinrichtungen (22; 23; 65), die entlang der Breite der Platte 
angeordnet sind, wobei das Gemisch auf der einen Seitenfiache der Platte oder auf Kristallschichten gleich- 
maBig entlang der Breite der Platte als Film nach unten flieBen kann; 

Zufuhreinrichtungen for ein Kuhlmedium zum Zufuhren eines Kuhlmediums mit einer Temperatur, die geringer 
ist als der Gefrierpunkt des Flussigkeitsgemisches, auf eine gegenuberliegende Seitenfiache (13; 33) der 
Platte wobei die Zufuhreinrichtungen fur das Kuhlmedium so angeordnet sind, daB das Kuhlmedium auf der 
gegenuberliegenden Seitenfiache der Platte gleichmaBig entlang der Breite der Platte als Film nach unten 
strGmt; und 

Zufuhreinrichtungen fur ein Heizmedium zum Zufuhren eines Heizmediums mit einer Temperatur, die hdher ist 
als der Gefrierpunkt der Kristalle. auf die gegenuberliegende Seitenfiache (13; 33) der Platte, wobei die 
ZufQhreinrichtungen fur das Heizmedium so angeordnet sind, daB das Heizmedium auf der gegenuberliegen- 
den Seitenfiache gleichmaBig entlang der Breite der Platte als Film nach unten strCmt. 

14 Vorrichtung nach Anspruch 13, bei der die Zufuhreinrichtungen fur das Flussigkeitsgemisch einen Verteiler. (21; 
64) zum gleichmaBigen Verteilen des Flussigkeitsgemisches entlang einer seitlichen Richtung der vertikalen Platte 
(1 1 ; 31 ; 61 , 62) umfassen und das Gemisch Ober den Verteiler zu der einen Seitenfiache umgewaizt wird. 

15 Vorrichtung nach Anspruch 1 4, bei der die Platte eine f lache Platte mit einer geneigten Fiache (24) ist, die an ihrem 
oberen Abschnitt angeordnet ist, und bei der das Gemisch uber den Verteiler (21; 64) zu der geneigten Fiache 
umgewaizt wird. 

16. Vorrichtung nach Anspruch 15, bei der ein Wiederverteiler (25) an der geneigten Fiache (24) der Platte vorgesehen 
ist. 
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17 Vorrichtung nach Anspruch 13, bei der die ZufQhreinrichtungen fur das FIQssigkeitsgemisch einen FIGssigkeitsver- 
' teller (21 ■ 64) umfassen der an einem oberen Ende der Platte angeordnet ist. und bei der die FIGssigkertszufuhr- 

verteilereinrichtungen eine Vielzahl von Kerben (22) der Platte umfassen. die an einem oberen Ende derselben 
entlang der Breite der Platte ausgebildet sind, so daB das Flussigkeitsgemisch vom FIQssigkeitsverteiler diese zu 
der einen Seitenfiache (12; 32) der Platte durchdringen kann. 

18 Vorrichtung nach Anspruch 13, bei der die Zufuhreinrichtungen fGr das FIGssigkeitsgemisch einen FIQssigkeitsver- 
teiler (21 • 64) umfassen der an einem oberen Ende der Platte vorgesehen ist, und bei der die FIGssigkeitszufuhr- 
verteilereinrichtungen einen Schlitz (23) aufweisen, der an einem unteren Ende des FIQssigkeitsverteilers entlang 
der Breite der Platte ausgebildet ist, so daB das Flussigkeitsgemisch vom FIQssigkeitsverteiler durch den Schlitz 
zu der einen Seitenfiache (12; 32) der Platte dringen kann. 

19 Vorrichtung nach Anspruch 13, bei der die RQssigkeitsgemischzufuhreinrichtungen einen FIQssigkeitsverteiler (21 ; 
64) unfassen der an einem oberen Ende der Platte vorgesehen ist. und bei der die FIGssigkeitszufQhrverteiler- 
einrichtungen eine Vielzahl von Offnungen (65) aufweisen, die an einem unteren Ende des FIQssigkeitsverteilers 
entlang der Breite der Platte ausgebildet sind, so daB das FIQssigkeitsgemisch vom FIQssigkeitsverteiler durch die 
Offnungen zu der einen Seitenfiache (12; 32) der Platte dringen kann. 

20 Vorrichtung nach Anspruch 13. bei der die Einrichtungen for das KGhlmedium einen Kuhlmediumtank (41), eine 
Pumpe (45) und einen KQhler (42) umfassen und bei der die Einrichtungen fQr das Heizmedium einen Heizmedi- 
umtank (41). eine Pumpe (45) und eine Heizeinrichtung (43) aufweisen und bei der das KQhlmedium und das Heiz- 
medium das gleiche Medium sind und der Kuhlmediumtank auch der Heizmediumtank ist. 

21 Vorrichtung nach Anspruch 13, bei der die ZufOhreinrichtungen fQr das KQhlmedium und die ZufQhreinrichtungen 
fur das Heizmedium gemeinsam Mediumzufuhrrohreinrichtungen (63) besitzen und bei der die MediumzufGhrrohr- 
einrichtungen eine Vielzahl von Offnungen (63C) aufweisen, die entlang der Breite der Platte angeordnet sind, urn 
das KQhlmedium oder Heizmedium der gegenOberiiegenden Seitenfiache (13; 33) gleichmaBig entlang der Breite 
der Platte als Film zuzufQhren. 

22 Vorrichtung nach Anspruch 13, die des we'rteren eine zweite vertikale f lache Platte aufweist. wobei beide vertikale 
Platten (61 62) eine einwarts gebogene geneigte Flache an ihren oberen Abschnitten besitzen und beide Platten 
an den oberen Enden der Platten mit den geneigten Flachen miteinander verbunden sind und eine Einheit (A) bil- 

wobei die ZufQhreinrichtungen fQr das FIQssigkeitsgemisch das FIQssigkeitsgemisch auBeren Flachen der Platten 
(61 62) der Einheit Qber FIGssigkeitszufOhrverteiler einrichtungen (65), die entlang der Breite der Platte angeordnet 
sind zufuhren kOnnen. so daB das FIQssigkeitsgemisch auf den auBeren Flachen der Platten der Einheit em- 
schlieBlich Kristallschichtf lachen qleichmaBig entlang der Breite der Platte in der Form von F.lmen nach unten stro- 

men kann; _ .. . 

wobei die ZufQhreinrichtungen (63) fQr das KQhlmedium ein KQhlmedium mit einer Temperatur. die gennger ist als 
der Gefrierpunkt des FIGssigkeitsgemisches, inneren Flachen der Platten (61. 62) der Einheit zufGhren kannen. 
wobei das KGhlmedium auf den inneren Flachen der Platten der Einheit gleichmaBig entlang der Breite der Platten 
in der Form von Filmen nach unten strGmt; und 

wobei die ZufQhreinrichtungen (63) fQr das Heizmedium ein Heizmedium einer Temperatur. die hoher ist als der 
Gefrierpunkt der Kristalle. den inneren Flachen der Platten (61. 62) zufGhren konnen, wobei das Heizmedium auf 
den inneren Flachen der Platten gleichmaBig entlang der Breite der Platten in der Form von Filmen nach unten 
strQmt. 

23. Vorrichtung nach Anspruch 22. bei der vertikale Lager (61 A, 62A) an den vertikalen flachen Platten (61 . 62) vorge- 
sehen sind. urn die Ebenheit der Platten zu verbessern und aufrecht zu erhalten. 

24 Vonichtung nach Anspruch 22. bei der vertikale Lager (62A) zwischen den flachen Platten (61. 62) vorgesehen 
sind und bei der die flachen Platten (61 , 62) zur Ausbildung der Einheit (A) miteinander verbunden sind. wobei die 
vertikalen Lager (62A) als Abstandshalter Verwendung f inden, urn einen gleichmaBigen Abstand zwischen den fla- 
chen Platten (61 , 62) sicherzustellen. 

25 Vorrichtung nach Anspruch 22. die des weiteren mindestens eine zusatzliche Einheit (A) aufweist. wobei die Zahl 
der Einheiten parallel zueinander mit einem speziellen Abstand dazwischen zur Ausbildung eines Blocks (B) mon- 
tiert ist; 
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wobei die Zufuhreinrichtungen fuTdas Flussigkeitsgemisch das Flussigkeitsgemisch Sufleren Flachen der Platten 
(61 62) einer jeden Einheit uber FlussigkeitszufOhrverteilereinrichtungen (65). die entlang der Brerte der Platten 
angeordnet sirid. zufuhren konnen. so da6 das Gemisch auf den auBeren Flachen der Platten e.ner jeden Einheit 
einschlieBlich der geneigten Flachen und Kristallschichten gleichmaBig entlang der Brerte der Platten .n der Form 
vonFilmennachuntenflieBenkann; _ . .. - _ . . 0 . H „ 

wobei die Zufuhreinrichtungen (63) fur das KOhlmedium ein KQhlmed.um aner Temperatur. die gennger .st als der 
Gefrierpunkt des Flussigkertsgemisches. den inneren Flachen der Platten (61. 62) e.ner jeden Emhert zufuhren 
konnen. wobei das KOhlmedium gleichmaBig entlang der Breite der Platten in der Form von F.lmen nach unten 

Sobet di? Zufuhreinrichtungen (63) fQr das Heizmedium ein Heizmedium einer Temperatur. die h6her ist als der 
Gefrierpunkt der Kristalle. den inneren Flachen der Platten (61 . 62) einer jeden Einheit zufuhren kdnnen. wobei das 
Heizmedium gleichmaBig entlang der Breite der Platten in der Form von Filmen nach unten stromt. 

26 Vorrichtung nach Anspruch 25. bei der vertikale Lager (61 A. 62A) an den Flachen samtlicher vertikaler "acher Plat- 
ten (61 . 62) vorgesehen sind. urn die Ebenheit der Platten zu verbessern und aufrechtzuerhalten und gle.chmaB.ge 
Abstande zwischen den Platten aufrechtzuerhalten. 

27 Vorrichtung nach Anspruch 26. bei der mindestens ein weiterer Block (B) vorgesehen ist, urn mit dem vorhergehen- 
' den Block (B) kombiniert zu werden. wobei der eine zusatzliche Block einen neuen gr66eren Veibund einschl.eB- 

20 lich des vorhergehenden Blocks bildet. 

28 Vorrichtung nach Anspruch 25. bei der vertikale Lager (61 A) an der AuBenflache der Platte (61) einer jeden Einheit 
(A) vorgesehen sind und bei der der spezielle Abstand zwischen den benachbarten Einherten unter Verwendung 
der vertikalen Lager (61 A) als Abstandshalter sichergestellt wird. 

25 

Revendications 

1 . Procede de separation d'un constituant cristallisable contenu dans un melange liquide, precede comprenant les 
etapes de : 

30 circulation du melange liquide sur une surface laterale (12; 32) d'une plaque plane verticale (11 ; 31 ; 61 . 62) 

par I'intermediaire d'un moyen de distribution de charge liquide (22; 23 ; 65) dispose le long de a largeur de 
ladite plaque de maniere a permettre audit melange de s'ecouler vers le bas sur ladrte surface laterale de la 
plaque ou a des couches de cristaux formees sur ladite surface laterale uniformement le long de la largeur de 

35 ladite plaque sous forme d'un film; 

fourniture d'un agent refrigerant d'une temperature inferieure au point de congelat.on du melange hqu.de sur 
la surface laterale opposes (13 ; 33) de ladite plaque (1 1 ; 31 ; 61 . 62). ledit agent refrigerant s^cou ant vers le 
bas sur ladite surface laterale opposee de la plaque uniformement le long de la largeur de ladite plaque sous 
forme d'un film de maniere a former une quantite voulue de cristaux du constituant cristallisable sur ladite pre- 

40 fournlture dun agenfchauffant dune temperature superieure au point de congelation des cristaux sur ladite 

surface laterale opposee de ladite plaque (11 ; 31; 61, 62). ledit agent chauffant s'ecoulant vers le bas sur 
ladrte surface laterale opposee uniformement le long de la largeur de ladite plaque sous forme dun film de 
maniere a faire fondre et a recuperer les cristaux formes sur ladite premiere surface laterale de la plaque. 

2. Procede selon la revendication 1. ou ledit melange est amene a circuler sur ladite surface laterale (12 ; 32) k des 
viSses sensiblement uniformes le long d'une direction laterale de ladite plaque (11; 31; 61. 62) de maniere a 
s'ecouler vers le bas sur ladite surface lateraJe avec une epaisseur suffisamment uniforme. 

3 Procede selon la revendication 1 . ou ledit agent refrigerant et ledit agent chauffant sont le meme agent de transfert 
' de chaleur. ledit agent de transfert de chaleur etant refroidi pour jouer le r6le d'agent refrigerant et etant chauffe 

pour jouer le role d'agent chauffant. 

4 Procede selon la revendication 1 . comprenant en outre I'etape d'introduction d'un agent chauffant sur ladite surface 
laterale opposee (13; 33) de la plaque (11; 31 ;6r 
les cristaux avant I'etape subsequente de fusion des cristaux totaux. 

5. Procede selon la revendication 1 . comprenant en outre I'etape d'introduction de la masse fondue des cristaux sur 
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ladite surface laterale (12 ; 32) tout en fournissant I'agent chauffant sur ladite surface laterale opposee (13 ; 33) 
pour accelerer la fusion des cristaux. 

6. Procede selon la revendication 1, ou ledit moyen de distribution de charge liquide comprend une pluralite d'enco- 
ches (22) de ladite plaque (1 1 ; 31 ; 61 , 62) formees au niveau d'une extremite superieure de ladite plaque le long 
de sa largeur de maniere k permettre au melange liquide de les franchir pour parvenir sur ladite surface laterale 
(12 ; 32) de la plaque. 

7 Procede selon la revendication 1 , ou ledit moyen de distribution de charge liquide comprend une fente (23) formee 
au niveau d'une extremite inf erieure d'un distributee de liquide (21 ; 64) le long de la largeur de ladite plaque (1 1 
; 31 ; 61 , 62) de maniere k permettre au melange liquide de la franchir pour parvenir sur ladite surface laterale (12; 
32) de la plaque. 

8. Procede selon la revendication 1 , ou ledit moyen de distribution de charge liquide comprend une pluralite d'ouver- 
tures (65) formees au niveau d'une extremite inf erieure d'un distributeur de liquide (21 ; 64) le long de la largeur de 
ladite plaque (1 1 ; 31 ; 61 , 62) de maniere k permettre au melange liquide de les franchir pour parvenir sur ladite 
surface laterale (12 ; 32) de la plaque. 

9 Procede selon la revendication 1 , ou chaque agent parmi ledit agent refrigerant et ledit agent chauffant est fourni 
sur ladite surface laterale opposee (13 ; 33) par I'intermediaire d'une pluralite d'ouvertures (63C) d'un moyen for- 
mant tubes d'introduction d'agent (63), lesdites ouvertures etant disposees le long de la largeur de ladite plaque. 

10. Procede selon la revendication 2, comprenant en outre I'etape de circulation du melange liquide sur une surface 
" de plaque inclinee (24) situee au niveau d'une partie superieure de la plaque verticale (1 1 ; 31 ; 61 , 62) pour ame- 

liorer I'uniformite des vitesses du liquide. 

11. Procede pour la mise en oeuvre d'une pluralite d'etapes de cristallisation selon le procede de la revendication 1 
" d'une maniere k etapes multiples, ou une liqueur mere obtenue k partir d'une N^ mG etape de cristallisation par cris- 
tallisation dudit constituant cristalli sable contenu dans ledit melange liquide est utilisee comme liquide de charge 
pour une (N-1) eme etape de cristallisation par addition de ladite liqueur mere k un melange liquide de charge des- 
tine k etre fourni pour la (N-1 ) i6me etape de cristallisation; 

ou dans la N ieme etape de cristallisation, le melange liquide pour une (N+1) ,6me etape de cristallisation est 
chauff e et introduit sur ladite surface laterale (1 1 ; 31) k la N ieme etape de cristallisation, tandis que I'agent chauffant 
est fourni k ladite surface laterale opposee (13; 33) de maniere k faire fondre et recuperer rapidement les cristaux; 
et 

ou, dans la (N+1) i6me etape de cristallisation, la masse fondue des cristaux recuperes dans la N ,eme etape 
de cristallisation est utilisee comme melange liquide. 

12. Procede selon la revendication 1 1 , ou des operations de cristallisation k etapes multiples sont realisees par egali- 
* sation des quantites du melange liquide de charge dans chaque etape de cristallisation. 

13. Appareil pour separer un constituant cristallisable contenu dans un melange liquide, I'appareil comprenant : 

une plaque plane verticale (11 ; 31 ; 61 , 62) ; 

un moyen d'introduction de melange liquide pour faire circuler le melange liquide sur une surface laterale (12 
; 32) de ladite plaque par I'intermediaire d'un moyen de distribution de charge liquide (22 ; 23 ; 65) dispose le 
long de la largeur de ladite plaque de telle maniere que ledit melange est amene k s'ecouler vers le bas sur 
ladite surface laterale de la plaque ou des couches de cristaux uniformement le long de la largeur de ladite pla- 
que sous forme d'un film; 

un moyen d'introduction d'agent refrigerant pour fournir un agent refrigerant d'une temperature inferieure au 
point de congelation du melange liquide sur une surface laterale opposee (13 ; 33) de ladite plaque, le moyen 
d'introduction d'agent refrigerant etant agence de telle maniere que ledit agent refrigerant s'ecoule vers le bas 
sur ladite surface laterale opposee de ladite plaque uniformement le long de la largeur de ladite plaque sous 
forme d'un film ; et 

un moyen d'introduction d'agent chauffant pour fournir un agent chauffant d'une temperature superieure au 
point de congelation des cristaux sur ladite surface laterale opposee (13 ; 33) de la plaque, le moyen d'intro- 
duction d'agent chauffant etant agence de telle maniere que ledit agent chauffant s'ecoule vers le bas sur ladite 
surface laterale opposee uniformement le long de la largeur de ladite plaque sous forme d'un film. 
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14 Appareil selon la revindication 13%u ledit moyen ^introduction de melange liquideloTnprend un distributes (21 
' n64) pour distribuer uniformement le melange liquide le long d'une direction laterale de ladite plaque verticale (1 1 

•31;61, 62) et ou ledit melange est amene a circuler sur ladite surface laterale par I'intermediaire dudit distributeur. 

15 Appareil selon la revendication 14, ou ladite plaque est une plaque plane ayant une surface inclinee (24) situee au 
' niveau de sa partie superieure, et ou ledit melange est amene a circuler sur ladite surface inclinee par I'mterme- 

diaire dudit distributeur (21 ; 64). 

16. Appareil selon la revendication 15. ou un redistributes (25) est dispose sur ladite surface inclinee (24) de la pla- 
que. 

17 Appareil selon la revendication 13, ou ledit moyen d'introduction de melange liquide comprend un distributeur de 
liquide (21 ■ 64) dispos§ au niveau d'une extremite superieure de ladite plaque et ledit moyen de distribution de 
charge liquide comprend une pluralite dencoches (22) de ladite plaque formees au niveau de son extremite supe- 
rieure le long de la largeur de ladite plaque de maniere a permettre au melange liquide de les franchir dudit distri- 
buteur de liquide a ladite surface laterale (12 ; 32) de la plaque 

18 Appareil selon la revendication 13, ou ledit moyen d'introduction de melange liquide comprend un distributeur de 
' liquide (21 • 64) dispose au niveau d'une extremite superieure de ladite plaque et ledit moyen de distribution de 

charge liquide comprend une fente (23) formee au niveau d'une extremite inferieure dudit distributeur de liquide le 
long de la largeur de ladite plaque de maniere a permettre au melange liquide de la franchir dudit distributeur de 
liquide k ladite surface laterale (1 2 ; 32) de la plaque. 

19 Appareil selon la revendication 13, ou ledit moyen d'introduction de ntelange liquide comprend un distributeur de 
liquide (21 ■ 64) dispose au niveau d'une extremite superieure de ladite plaque et ledit moyen de distribution de 
charge liquide comprend une pluralite d'ouvertures (65) formees au niveau d'une extremite inferieure dudit distri- 
buteur de liquide le long de la largeur de ladite plaque de maniere a permettre au melange liquide de les franchir 
dudit distributeur de liquide a ladite surface laterale (12 ; 32) de la plaque. 

20 Appareil selon la revendication 13. ou ledit moyen d'introduction d'agent refrigerant comprend un reservoir d'agent 
* refrigerant (41) une pompe (45) et un refroidisseur (42) et ledit moyen d'introduction d'agent chauffant comprend 

un reservoir d'agent chauffant (41). une pompe (45) et un dispositif chauffant (43), et ou lesdits agents refrigerant 
et chauffant sont le meme agent et ledit reservoir d'agent refrigerant est aussi le reservoir d'agent chauffant. 

21 Appareil selon la revendication 13. ou ledit moyen d'introduction d'agent refrigerant et ledit moyen d'introduction 
' d'agent chauffant ont en commun un moyen formant tubes d'introduction d'agent (63) et ou ledit moyen formant 

tubes d'introduction d'agent a une pluralite d'ouvertures (63C) disposees le long de la largeur de ladite plaque pour 
introduire ledit agent refrigerant ou chauffant sur ladite surface laterale opposie (13; 33) uniformement le long de 
la largeur de ladite plaque sous forme d'un film. 

22 Appareil selon la revendication 13, comprenant en outre une seconde plaque plane verticale ou les deux plaques 
' verticales (61 62) ont une surface inclinee courbee vers I'interieur au niveau de leurs parties superieures, les deux 

plaques etant reunies I'une a I'autre au niveau des extremites superieures des plaques avec lesdites surfaces incli- 

nees et formant une unite (A); 

ou lesdits moyens d'introduction de melange liquide sont concus pour faire circuler le melange sur les sur- 
faces externes des plaques (61 , 62) de I'unite par I'intermediaire de moyens de distribution de charge liquide (65) 
disposes le long d'une largeur desdites plaques de maniere a permettre audit melange liquide de s'ecouler vers le 
bas sur les surfaces externes des plaques de I'unite y compris les surfaces de couches de cristaux uniformement 
le long de la largeur desdites plaques sous forme de films; 

ou lesdits moyens d'introduction d'agent refrigerant (63) sont congus pour faire circuler un agent refrigerant 
d'une temperature inferieure au point de congelation du melange liquide sur des surfaces internes des plaques (61 , 
62) de I'unite, ledit agent refrigerant s'ecoulant vers le bas sur les surfaces internes des plaques de I'unite unifor- 
. mementle long de la largeur desdites plaques sous forme de films ; et 

ou lesdits moyens d'introduction d'agent chauffant (63) sont congus pour faire circuler un agent chauffant 
d'une temperature superieure au point de congelation des cristaux sur lesdites surfaces internes des plaques (61 , 
62). ledit agent chauffant s'ecoulant vers le bas sur lesdites surfaces internes des plaques uniformement le long de 
la largeur desdites plaques sous forme de films. 
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23. Appareil selon la revendication 22, (rides supports verticaux (61 A, 62A) sont prevus sur les plaques planes verti- 
cals (61 , 62) pour ameliorer et maintenir la planeite desdites plaques. 

24 Appareil selon la revendication 22, ou des supports verticaux (62A) sont disposes entre les plaques planes (61 , 62) 
5 et ou les plaques planes (61, 62) sont reunies pour former I'unite (A) & I'aide des supports verticaux (62A) en tant 

qu'elements d'ecartement pour garantir un ecartement uniforme entre les plaques planes (61 , 62). 

25. Appareil selon la revendication 22. comprenant en outre au moins une unite (A) supplemental, ou le nombre 
d'unites sont assemblies en parallele avec un ecartement specifie entre elles et ferment un bloc (B); 

ou lesdits moyens d'introduction de melange liquide sont congus pour faire circuler le melange liquide sur 
des surfaces externes des plaques (61. 62) de chaque unite par I'intermediaire de moyens de distribution de 
charge liquide (65) disposes le long d'une largeur desdites plaques de maniere k permettre audit melange de 
s'ecouler vers le bas sur les surfaces externes des plaques de chaque unite y compris lesdites surfaces inclinees 
et des couches de cristaux uniformement le long de la largeur desdites plaques sous forme de films; 

r5 ou lesdits moyens d'introduction d'agent refrigerant (63) sont concus pour faire circuler un agent refrigerant 

d'une temperature inf erieure au point de congelation du melange liquide sur des surfaces internes des plaques (61 , 
62) de chaque unite, ledit agent refrigerant s'ecoulant vers le bas uniformement le long de la largeur desdites pla- 
ques sous forme de films; et 

ou lesdits moyens d'introduction d'agent chauffant (63) sont congus pour faire circuler un agent chauffant 

20 d'une temperature superieure au point de congelation des cristaux sur lesdites surfaces internes des plaques (61 , 
62) de chaque unite, ledit agent chauffant s'ecoulant vers le bas uniformement le long de la largeur desdites pla- 
ques sous forme de films. 

26. Appareil selon la revendication 25, ou des supports verticaux (61 A, 62A) sont disposes sur les surfaces de toutes 
25 les plaques planes verticales (61, 62) pour ameliorer et maintenir la planeite des plaques et pour maintenir des 

ecartements uniformes entre les plaques. 

27. Appareil selon la revendication 26, ou au moins un bloc (B) supplemental re est prevu pour etre combine avec ledit 
premier bloc (B), ledit bloc supplemental constituant un nouveau complexe de plus grande taille comprenant ledit 

30 premier bloc. 

28. Appareil selon la revendication 25, ou des supports verticaux (61 A) sont disposes sur la surface externe de la pla- 
" que (61) de chaque unite (A) et ou ledit ecartement specifie entre les unites adjacentes est garanti & I'aide des sup- 
ports verticaux (61 A) en tant qu'elements d'ecartement. 
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